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CONTROL OF RUPTURE BY FAULT GEOMETRY DURING THE 1966
PARKFIELD EARTHQUAKE

" BY ALLAN G. LINDH AND DaAvID M. BOORE

ABSTRACT

A reanaiysis of the available data for the 1966 Parkfield, Callfornla, earthquake
(M. = 5{) suggests that although the ground breakage and aftershocks extended
about 40 km along the San Andreas Fault, the Initial dynamic rupture was only
20 to 25 km In length. The foreshocks and the point of initiation of the main
event locate at a small bend in the mapped trace of the fault. Detalied analysis
of the P-wave first motions from these events at the Gold Hlll station, 20 km
southeast, indicates that the bend in the fault extends to depth and apparently
represents a physical discontinuity on the fauit plane. Other evidence suggests
that this discontinuity plays an important part in the recurrence of simiiar
magnitude 5 to 6 earthquakes at Parkfield.

Analysis of the strong-motion records suggests that the rupture stopped at
another discontinuity in the fauit plane, an en-echelon offset near Gold Hiii that
lies at the boundary on the San Andreas Fauit between the zone of aseismic siip
and the iocked zone on which the great 1857 earthquake occurred. Foreshocks
to the 1857 earthquake occurred In this area (Sieh, 1978), and the epicenter of
the main shock may have coincided with the offset zone. If it did, a detailed
study of the geoiogical and geophysicali character of the region might be
rewarding in terms of understanding how and why great earthquakes initiate
where they do.

INTRODUCTION

In late 1965, five three-component accelerographs were installed in an array across
the San Andreas Fault near Cholame, California (Figure 1). On-scale records were
obtained at all these stations for a moderate earthquake (M = 5.5, my = 5.9, Ms =
6.5, Wu, 1968) that occurred on 28 June 1966, with the epicenter near Parkfield,
California (Cloud and Perez, 1967). At the time, these records represented the most
complete set of near-fault records available for a single earthquake. Their value was
enhanced by the large number of other geological and geophysical data available for
the earthquake; at least 12 seismological interpretations of the strong-motion data
have been published (references to most of the papers can be found in Aki, 1979).
No consensus about the details of the faulting has been reached, however. The
published models can be grouped into three categories.

In the first group are those that have followed Aki (1968) in modeling only the
record at station 2 (see Figure 1 for location). Their models fit the displacement
(and in some cases the velocity) record with remarkable fidelity. This is not
surprising, however, because these models have at least five free parameters of
consequence (depth to top of dislocation, slip, rupture velocity, rise time, and the
shape of the dislocation time-function) and only one record of simple shape to
match. The models of this group fit the record at station 2 with slip on a fault plane
passing almost directly beneath the station, ignoring the records at the other
stations. As a consequence, the results obtained apply only to the shallow slip near
Cholame and say nothing about the slip elsewhere on the fault. Another difficulty
with many of these models is that they require on the order of 50 cm of slip at very
shallow depths at the Highway 46 crossing near station 2; yet the morning following
the earthquake, only 44 cm of surface slip had occurred at that point.
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